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Kisspeptin is thought to have a major role in the control of the onset of puberty in vertebrates. 24 However, our current understanding of its function in fish and how integrates with other 25 hormones is incomplete due to the high diversity of this group of animals and a still limited 26 amount of available data. This study examined the temporal and spatial changes in expression of 27 kisspeptin, gonadotropins and their respective receptors in the Senegalese sole during a full 28 reproductive cycle. Kiss2 and kiss2r expression was determined by qRT-PCR in the forebrain, 29 and midbrain while expression of fshβ and lhβ was determined in the pituitary and fshr and lhr 30 in the gonads. Plasma levels of testosterone (T), 11-ketotestosterone (11-KT) and estradiol-17β 31 were measured by ELISA and gonadal maturation was assessed histologically. In males, kiss2 32 and kiss2r expression in the brain areas examined was highest towards the end of winter, just 33 before the spawning season, which took place the following spring. This coincided with 34 maximum levels of pituitary fshβ and lhβ, plasma T and 11-KT and the highest number of 35 maturing fish. However, these associations were not evident in females, since the highest 36 expression of kiss2, kiss2r and gonadotropins were observed in the fall, winter or spring, 37 depending upon the variable and tissue considered. Taken together, these data show not only 38 temporal and spatial, but also sex-specific differences in the expression of kisspeptin and its (precision 0,1 cm) body weight (BW) (precision 1 g) and gonad weight (GW) (precision 0,01 g) 167 were assessed in all sampled fish. The gonadosomatic index (GSI) was determined according to 168 the formula: GW (g)/BW (g)* 100. ßactin was used as RNA quality control using a combination of appropriate primers (Table 1) .
213
The PCR cycling conditions were: 5 min at 95°C followed by 35 cycles of 30 s at 95°C, 30 s at (Fig. 1A) and during following spring in females (Fig. 1B) .
268
Plasma steroid hormone levels
269
In males, plasma levels of the two major androgens (T and 11-KT) followed the same pattern as 270 the GSI, with a clear and significant (P = 0.045 and P = 0.024, respectively) peak in winter ( Fig.   271 1C and Fig. 1E ). In females, E 2 plasma levels remained low until the fall and then sharply 272 increased through winter and the following spring (P = 0.005) (Fig. 1D) . Thus, in both sexes the 273 GSI and plasma levels of the major sex steroids shared a similar pattern, with maximum values 274 observed in winter for males and in the following spring for females (Fig. 1) .
276
Gonadal development
277
Based on microscopic evaluation, three developmental stages of spermatogenesis in males (Fig.   278 2A, C and E) and of oogenesis in females (Fig. 2B , D and F) were identified. Males with testis 279 filled only with spermatogonia (Spg) were considered as immature (Fig. 2A) ; males which in 280 addition had spermatocytes (Spc) and spermatids (Spd) were classified as maturing (Fig. 2C) , 281 whereas males with testis containing spermatozoa (Spz) were classified as sexually mature (Fig.   282 2E). Females with only previtellogenetic oocytes were considered immature (Fig. 2B) ; with 283 early and intermediate vitellogenic oocytes were considering maturing (Fig. 2D) , whereas 284 mature females were characterized by the presence of fully developed oocytes (Fig. 2F) . In In the forebrain of males, kiss2 (Fig. 4A ) and kiss2r expression (Fig. 4C ) increased after summer 297 and peaked in winter (P = 0.027 and P = 0.002, respectively). In females, in contrast, kiss2 (Fig. 298 4B) and kiss2r expression (Fig. 4D ) progressive increased and the maximum mRNA levels were 299 observed in the following spring (P = 0.0040 for both genes). In the midbrain of males, changes 300 in both kiss2 (P = 0.004) and kiss2r (P = 0.016) mRNA levels were observed, with a clear peak 301 of expression in winter ( Fig. 5A and C) . In females, in contrast, kiss2 mRNA levels started to 302 increase in the fall and reached maximum levels in winter (P = 0.002), and then started to 303 13 slightly decrease, whereas kiss2r mRNA levels kept increasing until they reached maximum 304 values in the following spring (P = 0.008) (Fig. 5B and D) .
Regarding the expression levels of gonadotropin genes in the pituitary, lhβ in males peaked in 307 winter (P = 0.003) (Fig. 6C) and fshβ of females during the following spring (P = 0.001) (Fig.   308   6B ). No significant differences were observed in fshβ mRNA levels in males (Fig. 6A) , as well 309 as in lhβ mRNA levels in females (Fig. 6D) , probably due to insufficient sample size in this 310 case. In the gonads, mRNA levels of fshr and lhr remained low during most part of the study, but 311 were consistently higher in winter. However, the inverse situation was found with respect to the 312 levels of mRNA for fshβ and lhβ observed in the pituitary, i.e., differences were observed for 313 fshr in the testis (P = 0.031) (Fig. 7A) and lhr in the ovaries (P = 0.001) (Fig. 7D ). The lack of 314 differences in fshβ of levels in females (Fig. 7B ) and lhr levels in males (Fig. 7C ) is probably winter; SP2, spring 2. Different letters indicate statistically differences (P < 0.05). 
